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INTRODUCTION AND SUMMARY 
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ocean-viewing satellite sensors, such as SeaWiFS, will be of benefit to the scientific 


o 



in-flight calibration campaign is therefore tentatively being planned for late June or early July 
at Lake Tahoe. 
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The calibration instrumentation used by the Remote Sensing Group (RSG) can be 
broken down into two categories: (1) instrumentation used during reflectance-based 
calibrations; (2) instrumentation used during radiance-based calibrations. 



For reflectance-based calibrations, the RSG employs a Reagan solar radiometer to 
collect total atmospheric optical depth measurements. In conjunction with this radiometer, a 
variety of meteorological instruments are used which provide information on Rayleigh optical 





3.0 Calibrations Conducted Over A (High-Reflectance) Land Target 


Reflectance-based and radiance-based calibrations of the stated sensors were conducted 
over Ivanpah Playa. This location is a rather bright reflectance, sandy region located close to 
the Califomia-Nevada border. Groups from JPL and NRL were involved with the RSG in 
these activities. The site was chosen by the JPL calibration team after Lunar Lake, Nevada 
(the intended target) was found to contain standing water from unusually heavy spimg rains. 
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The data collected by the RSG have been organized. At the present time, the group is 
still waiting to receive the imagery collected by AVIRIS and HYDICE. After receiving the 



possible target for upcoming in-flight calibrations of SeaWiFS, an effort was made to better 
understand the nature of this unexpected surface scatter. A description of the experiment 
conducted and the preliminary results obtained from the associated study are contained in a 
separate section of this report. 





Spatial Uniformity of Surface Reflectance for Lake Tahoe: 

A Preliminary Report 
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Following this atmospheric correction, the effective Lambertian reflectance was 
calculated. This figure-of-merit (FOM) was selected to provide a means by which to judge 
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shown in Figure 2. The resultant band reflectances for pass #2 (a longitude of 120.02 degrees 
West) are shown in Figure 3. The resultant band reflectances for pass #3 (a longitude of 
120.05 degrees West) are shown in Figure 4. The resultant band reflectances for pass #4 (a 
longitude of 120.08 degrees West) are shown in Figure 5. 



Band reflectance spectra computed for a lake latitude at which normal water 
reflectances were observed in shown in Figure 6a. The latitude at which the most uniform 
water was observed was around 39.20 degrees North. Band reflectance spectra computed for 
a lake latitude at which the heightened scatter was present is shown in Figure 6b. The 
latitude for which this high-scatter spectrum was computed was 39.00 degrees North. 
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It should be pointed out that the amalgamated hypothesis presented has yet to be 
confirmed with in-water measurements taken closer to the date the study was conducted. 
Such data have been graciously volunteered by groups from the Naval Research Laboratories 
(NRL), and the University of South Florida (USF). At the present time, this information has 
not been received, but is expected to be available in the near future. 



5.0 Conclusions 
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TABLE 1: Summary of Barnes MMR Radiometer Spectral Bands 
































: Reflectance Uniformity Statistics 
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NOTES: PASS #1 === 119.98 degrees West (Longitude) 
PASS #2 === 120.02 degrees West (Longitude) 
PASS #3 === 120.05 degrees West (Longitude) 
PASS #4 === 120.08 degrees West (Longitude) 





LAKE REFLECTANCE FOR MMR BAND #5 LAKE REFLECTANCE FOR MMR BAND #6 

Longitude = 1 19.98 degrees West (PASS # 1) Longitude = 1 19.98 degrees West (PASS #1) 




LAKE REFLECTANCE FOR MMR BAND #1 LAKE REFLECTANCE FOR MMR BAND #2 

Longitude = 120.02 degrees West (PASS #2) Longitude - 120.02 degrees West (PASS #2) 



LAKE REFLECTANCE FOR MMR BAND #5 LAKE REFLECTANCE FOR MMR BAND #6 

Longitude = 120.02 degrees West (PASS #2) Longitude = 120.02 degrees West (PASS #2) 



put!Q 




LAKE REFLECTANCE FOR MMR BAND #5 LAKE FiEFLECTANCE FOR MMR BAND #6 

Longitude = 120.05 degrees West (PASS #3) Longitude - 120 05 degrees West (PASS #3) 



Decimal Latitude 



LAKE REFLECTANCE FOR MMR BAND #1 LAKE REFLECTANCE FOR MMR BAND #2 

Longitude = 120.08 degrees West (PASS #4) Longitude = 120.08 degrees West (PASS #4) 



LAKE REFLECTANCE FOR MMR BAND #5 LAKE REFLECTANCE FOR MMR BAND #6 

Longitude = 120.08 degrees West (PASS #4) Longitude = 120.08 degrees West (PASS #4) 




LAKE TAHOE REFLECTANCE SPECTRA 

Clear Water (Latitude = 39.20 degrees North) 
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Finally, the present discussion assumes that the spectral response of the intended 
sensor is in the solar-reflective region of the electromagnetic spectrum. This region is 
typically taken to include wavelengths below 2.5 pm. Vicarious calibration of sensors having 
a spectral response in the solar-emissive region (i.e. all longer wavelengths) is a 
fundamentally different problem and is not discussed herein. 



2.0 Basic Properties of Water Bodies 
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the at-sensor radiance levels. In practice, measurements of the atmospheric constituents and 
ground reflectance are made in order to provide a check on the resulting at-sensor radiances. 



3. 2. 1 Radiance-based method 
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that the sensor tield-ot-view is tar trom the region ot sunglint, or completely within this 
region. That is to say, when the probability of a glint-producing wave-slope is extremely 
small or extremely large. For small facet sizes, this extreme is the more realistic of the two 
discussed. 



3.2.2 Reflectance-based method 
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surfaces such desirable calibration targets for high-sensitivity sensors. However, in certain 
circumstances the sensor view direction is unavoidably closer to the region of sunglint than 





where', i = -sin0 




r- 




where : r = sin0 cosA<j) 
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These four relationships permit the determination of the facet nonnal components required to 
reflect incident solar illumination into the viewing direction of the sensor. The resulting 
relations, obtained after solving the set of linear relations given in equations 5 and 6, are 
given in Equations 7. 


2 cos© 
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incident solar illumination reflected by the facet may be determined using the Fresnel 
relations. This development has been carried out in the literature by Cracknell. 9 The 
resulting reflectance expressions are given in Equation 9. 
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An additional relation is obtained by constructing an equilateral triangle such that 



But'. sinp, = cos6 0 

sin(rc-a) = cos(0 - 6 ) 




It is worth noting that, as expected, when 0 O = 0 then Xj = x 2 = b 0 = r from Figure 1 so that 
these results are consistent with the case of a vertical downward view direction. 



general expression for the ellipse is shown in Equation 16. 


The coordinate system of this ellipse has been specified with the origin lying at the sub- 
sensor point and the axis aligned along the semi-major and semi-minor axes of the ellipse. 
This convention is illustrated in Figure 4. Note that the center of the ellipse (x c , 0) and the 
point at which a ray directed along the center of the sensor field-of-view intersects the sensor 
footprint (x 0 , 0) are not synonymous unless 0 O = 0. The derivation of an expression for the 
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For this range of values, the equation of the ellipse may be used to determine the 
corresponding values of y v for the points on the border of the sensor footprint. After 
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Now that the view direction for each point within the sensor footprint is known, the 
wave-slope facet required to reflect the incident solar illumination into the sensor field-of- 
view may be calculated by applying of the expressions developed in Section 4.1. The 
reflectance coefficient for each wave-slope may then be computed by using the relations 
presented in Section 4.2, and the corresponding probability of such a wave-slope may be 
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path-dependent optical attenuation are all ignored. 1 he resulting model then reduces to a 
binary illumination condition for the purposes of Fresnel reflectance from the water surface: 
the direct solar radiance, L x dlr , is used for waves having the appropriate slope to produce a 
glint signal at the sensor; the diffuse solar radiance, L x dlf , is used for all other waves. The 
corresponding average water-leaving glint contribution becomes: 
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In this expression, R wal (X) represents the spectral in-water reflectance coefficient. 


Finally, the relative importance of these three components may be computed as shown 
in Equations 26. 




5.0 Conclusions 
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Appendix B: Justification of Azimuthal Coordinate Rotation 
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Figure 1. An illustration of the geometry associated with an arbitrary wave facet. Note that 
the x-axis is taken to lie along the solar azimuth. The view azimuth (i.e. the direction of 
reflection) is measured relative to this axis. In addition to the (normalized) solar and 
reflected rays, the facet normal is shown. 
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